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FOREWORD 

In January 1970 the Test and Evaluation Directorate, Yuma 
Proving Ground, asked the Earth Sciences Laboratory, US Army Natick 
Laboratories, to map the surface materials of the Laguna (Ariz-Calif) 
quadrangle. The mapping, with representative slope-and-relief values 
of terrain units, was to provide Yuma Proving Ground with a means for 
determining availability and suitability of mobility test areas, and 
for correlating its terrain with that of other world deserts. 

Yuma Proving Ground needed basic ground-truth data gathered and 
presented in a form useful to engineers. Yuma Proving Ground and 
Natick Laboratories decided in conference that this form should be a 
description, both graphical and numerical, of distinctive surficial 
associations of materials (sands, gravels, bedrock) and their topo- 
graphic expressions (dissected, undissected). 

The description, furthermore, should be an initial step leading 
to specific quantitative determinations of vehicle-terrain inter- 
relationships and to development of desert terrain analogs. 

Tha data of this report constitute an inventory of 1-ndforms in 
the Laguna quadrangle of Yuma Proving Ground and an init I demon- 
stration of an approach to quantitative terrain descript n for 
mobility. 

We gratefully acknowledge tne enthusiastic cooperation and support 
given by Mr. John Rezin, Mr. Wahner Brooks, and Captain Kevin Pickles, 
Test Methodology and Instrumentation Office, Yuma Proving Ground. 
Lt. Peter Finke, US Army Natick Laboratories, asaisted in the field 
and in initial compilation of data. 
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ABSTRACT 

Distribution and slope gradients of surficial materials in the 
Laguna (Arizona-California) l:62,500-scale quadrangle were mapped 
in the field for engineering evaluation of vehicle testing suitability 
and for comparison of Yuma Proving Ground terrain with that of other 
world deserts. 

Occurrences and topographic expressions of seven alluvial and six 
bedrock muyiping units are shown as an overprint on the topographic map, 
Cumulative frequency curves of slope and relief describe these factors 
of alluvial terrain quantitatively. Actual field measurements of 
30,000 feet of traverse are included to permit interpretation for 
specific materiel evaluations. 
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SURFACE MATERIALS AND TERRAIN FEATURES 
OF YUMA PROVING GROUND 

(Laguna, Ariz-Calif, Quadrangle) 

Objective 

The objective of thir study is to describe the natural surficial 
features of Yuma Proving Ground in the Laguna quadrangle, by field 
mapping and by field measurements of slope and relief. 

The following considerations are embodied in the conception, 
compilation, and presentation of the study: 

Accurate maps and data of features of the Proving Ground 
facilitite evaluation and use of the Army's hot-dry desert 
test area for military systems. 

Quantitative terrain data are applicable to the design and 
evaluation of terrain-dependent military systems for desert 
use. 

Testing at Yuma Proving Ground is meaningful to the over-ali 
Army materiel program insofar as the terrain there can be 
correlated with that of other deserts. It is important, 
therefore, that the data be quantitatively comparable to 
those known or inferred elsewhere. 

Results 

The surficia. features within the boundaries of Yuma Proving 
Ground in the Laguna quadrangle, divided into seven units of alluvial 
lowlands and six of bedrock mountains, are mapped at a scale of 
1:62,500 (Plate 1, in pocket). 

For six alluvial mapping units, cumulative frequency curves and 
the mean values of slope and relief are derived from ground traverse 
data. 

All of the Proving Ground was not mapped during the month of 
field work. Enough data were gathered, however, to demonstrate the 
feasibility and appropriateness of the approach. It is possible from 
the information included in this report to choose areas suitable for 
tests requiring given ranges of slope, relief, and materials. 



Approach 

The approach is tailored to requirements of the Yuma Proving 
Ground test mission.  Fundamental engineering aspects of terrain— 
surficial materials and their topographic expressions-—are the primary 
targets chosen for qualitative and quantitative description. 

The map indicates what materials are in the study area without 
taking into account the possibility cf differing origins. Geologic 
and geomorphic relationships were considered in the initial identi- 
fication of terrain units, but were not used tc subdivide th2 final 
units beyond the materials-topographic expression targets established 
by the approach. Well dissected sand areas, therefore, are mapped as 
sandy hills irrespective of whether they are developed at the edge of 
a dune field or from sand underlying gravelly piedmonts. 

The area covered by this study is limited to that portion of the 
Proving Ground contained on the US Geological Survey, Laguna, Arizona- 
California, quadrangle map, scale 1;62,500, contour interval 40 feet, 
dated 1955. The location of the study area in relation to the rest 
of Yuma Proving Ground is shown in Figure 1. 

Noam louNOAur Arno« jo min 

KOFA GAME REFUQE 

YUMA PROVING GROUND 

jJ" 

j-ur 

Figure 1  Shaded portion is area covered in this study. 
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Methods 

All the data of this report were collected in the field, in the 
following way::: 

Reconnaissance geology conducted on foot, from four-wheel-drive 
vehicle, and from aitcraft. Geologic maps of the Arizona Bureau 
of Mines expedited mapping of the bedrock mountains. 

Slope traverses conducted on foot, using the Abney level, an 
optical rangefInder accurate to within two percent, and a 
steel measuring tape. Nine traverses totalling approximately 
30,000 feet were made in the alluvial mapping units. 

Airphoto interpretation to identify nature and distribution of 
distinctive surficial associations. The photos were at an 
approximate scaxe of 1:13,000. 

Interpretation of topographic maps at a scale of 1:2400 and a 
contour interval of four feet (derived from the above airphotos). 
Topographic map sheets of the USGS at a scale of 1:24,000 were 
slso available for three-fourths of the study area. 

Soil sampling at a few locations. Samples were analyzed by 
the Chemical Section, Analysis and Certification Branch, Yuma 
Proving Ground (data not included in this report). 

General Geologic and Topographic Features 

Yuma Proving Ground is in the Sonoran Desert of the Basin and 
Range Province in southwestern Arizona. The area consists of mountains 
made up of the eroded remnants of bedrock fai.lt blocks separated by 
basins filled with varied sediments derived principally from these moun- 
tains, figure 2 is a generalized cross-section showing the relationships 
of the. mountains and basin-filling alluvium. Nearest the mountains, the 
gravels commonly are undissected; coward the center of the basins, both 
the gravels and underlying sands are dissected. 

Figure 2  Generalized cross-section showing the relationship of bedrock 
and alluvium in the Laguna quadrangle of Yuma Proving Ground. 
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Areas adjacent to the bedrock mountains are generally gravelly, 
underlain in many places by sandy material of varying thickness. 
Figure 3 shows the gravelly dissected piedmont deposits in the north- 
west Muggins Mountains area. 

/ *■ 

<•:• 

Figure 3  Dissected gravelly derosits north of Vinegarroon Wash 
(cinetheodolite station "C" at left center). 



Figure 4 shows sandy h.' Is (foreground) and gravelly undissected 
piedmont deposits abutting the bedrock mountains northwest of Vine- 
garroon Wash.  Sandy hills are capped by a thin layer of gravels in 
much of this area. 

Figure 4  Sandy hills northwest of Vinegarroon Wash (KofA ammunition 
bunkers at right center). 



An intennountain part of the study area is shown in Figure 5. 
Sandy plains (foreground) are bordered by the Castle Dome pavement/wash 
complex (background). 

Figure 5  Intennountain area (Castle Dome visible on right skyline), 



Mapping Units 

The following mapping units have been delineated in the Yuma 
Proving Ground area covered by the Laguna quadrangle: 

Recent Wash 
Pavement of Pavement/Wash Complex 
Gravelly Undissected Piedmont 
Gravelly Dissected Piedmont 
Sandy Plain 
Sandy Hills 
Linear Stabilized Dunes 
Bedrock Mountains (six subunits) 

Table 1 lists the areal extents of the mapping units. 

Table 1. Areal Extents of Mapping Units 

Unit 

Recent Wash 
Pavement of Pavement/Wash Complex 
Gravelly Undissected Piedmont 
Gravelly Dissected Piedmont 
Sandy Plain 
Sandy Hills 
Linear Stabilized Dunes 
Bedrock Mountains 

ercent Square Miles 

22.5 39.6 
15.6 27.4 
8.6 15.1 

12.7 22.3 
8.4 14.8 
*.3 11.0 
3.5 6.1 

22.A 39.5     • 

175.8 

On the following pages are brief descriptions of the units, and 
representative paired topographic map and airphoto patterns of one- 
square-mile areas. The map and airphoto insets are useful as keys 
to identify similar terrain units throughout the Proving Ground and 
in other desert area3. 



RECENT WASH 

Recent wash deposits consisting of clay to boulder-sized material 
deposited in active wash area«! are found throughout the quadrangle. 

Figure 6 Topographic map pattern 
for recent wash mapping unit. Un- 
shaded portion shows part of 
Vinegarron Wash. 

Figure 7 Airphoto pattern for 
recent wash mapping unit. The 
light area shows a part of Vine- 
garroon Wash. 



GRAVEL PAVEMENTS IN PAVEMENT/WASH COMPLEX 

These pavements as a mapping unit appear only in the Castle Dome 
Plain-South Middle Mountains area. They consist of well varnished, 
predominantly volcanic materials. Surface material is generally one 
quarter inch to two inches in size with occasional cobbles and boulders. 
Subeurface (1-2 inches) material is ailty to fine sandy with considerable 
quantities of clay. The pavements are almost totally undissected and 
are nearly flat or slightly rounded with a few washes or gullies running 
across their surfaces. 

Figure 8 Topographic map pattern 
for gravel pavement in pavement/ 
wash complex.  (Because washes 
are braided, this unit is shown 
as part of a complex of recent 
washes, gullies, and gravel 
pavements.) 

Figure 9 Airphoto pattern for 
gravel pavement la pavement/trash 
complex (dark areas). 



GRAVELLY UNDISSECTED PIEDMONT 

This mapping unit is in the Muggins and Laguna Mountains and 
in the area between the Middle Mountains and the Colorado River. 
The materials are coarse, unsorted gravels, in many areas underlain 
by varying thicknesses of sandy material. They are generally flat 
with a few small washes or gullies crossing them. The gravel is from 
three to as many as twenty feet thick, depending on the proximity to 
a mountain front. 

Figure 10 Topographic map 
pattern for gravelly undis- 
sected piedmont mapping unit 
(shaded areas). 

Figure 11 Airphoto pattern for 
gravelly undissected piedmont 
mapping unit (dark areas). 
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GRAVELLY DISSECTED PIEDMONT 

Gravelly dissected piedmont areas are in the Muggins, Middle, 
and Laguna Mountains and in the area between the Middle Mountains and 
the Colorado River. This unit is closely related to the above unit 
and the materials are similar, with sand underlying the gravel in 
many areas. In contrast to the undissected unit, this unit is deeply 
dissected by numerous gullies and washes. 

Figure 12 Airphoto pattern 
for gravelly dissected pied- 
mont. 

Figure 13 Airphoto pattern for 
gravelly dissected piedmont. 
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SANDY PLAIN 

Throughout wuch of the intermountain area are flat expanses of 
sandy material. These flat areas, with few noticeable washes or gullies 
have been mapped as sandy plain, although in some places the sand forms 
a gently domed topographic high. 

Figure 14 Topographic map 
pattern for sandy plain mapping 
unit. 

Figure 15 Airphoto pattern for 
sandy plain mapping unit. 
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SANDY HILLS 

Scattered throughout much of the quadrangle, with the exception 
of the Castle Dome Plain, sandy, well dissected areas have developed 
as a fringe on sandy plains, gravelly dissected piedmonts, and sta- 
bilized dunes.  Regardless of origin, these similar areas, consisting 
of fine to coarse sands with some cemented layers and concretions, 
are mapped as sandy hills. 

Figure 16 Topographic map 
pattern for sandy hills 
mapping unit (unshaded areas), 

Figure 17 Airphoto pattern for 
sandy hills mapping unit (tex- 
tured area in right half of 
photo). 
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LINEAR STABILIZED LUNES 

Its the intermcuntain basin, sandy material nas Leen reworked into 
linear dune features stabilized almost completely by vegetation. These 
dunes, as well as the flat sandy areas between them, are mapped as one 
unit. 

Figure 18 Topographic map 
pattern for linear stabilized 
dunes. 

Figure 19 Airphoto pattern for 
linear stabilized dunes. 
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BEDROCK 

Mountainous areas and numerous sroa.1   tils in Lhe basin are made 
up of gneiss, schist, granitic porphyry, volcanics, limestone, and 
«Jsndstoi/i and shale. These areas are easily identified and mapped by 
their severe dissection, ligh relief and lack of unconsolidated surface 
material. Due to the high relief and difficulty of access, only recon- 
naissance geology was done in the bedrock areas; testing in these areas 
would be limited and a lack of information is not critical to this re- 
port. 

Figure 20 Topographic map 
pactern for bedrock mapping 
unit (contour intervcl is 
100 feet), 

Figure 21 Airphoto pattern for 
bedrock mapping unit (lower half 
of photo). 
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Quantitative Description of Mapping Units 

The quantitative field data in this section augment the qualita- 
tive descriptions of the preceding pages. Because the study was in- 
tended to gather and present descriptive terrain data, only cumula- 
tive percent frequencies and mean values of slope and relief have been 
derived; the actual field measurements of slope inclination and length 
are appended (Appendix A). 

The cumulative percent frequency of slopes expresses the aggre- 
gate length (in feet) of a given inclination (by degrees) as a per- 
centage of total traverse length. Half-degree values in some traverses 
should be taken only as Indications that the inclination is between two 
full degrees; the Abney level cannot be read, hand-held, to half degrees. 

The cumulative percent frequency of relief expresses the aggregate 
vertical heights of rises (in feet), measured from the top of each rise 
to both adjacent lows, as a percentage of the total relief along the 
tra"erse<. 

The locations of walked traverses are on the sketch map of Figure 
22. The exact locations, on maps of larger scales, are available at 
US Army Natick Laboratories. Table 2 lists mean slope and relief values 
for each traverse. There follow nine cumulative percent frequency curves 
of slope and nine of relief. There is no traverse for the sandy plain 
unit. 

16 
1 



\ 0 
figure 22  Sketch map of area mapped, with locations of walked 

traverses (numbered 1-9; traverse 7 is in two parts). 
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Table 2.  Mean Slope and Relief for Mapping Units 
(based on walked traverses) 

Traverse        Mapping Unit 

1 Gravelly Dissected Piedmont. 

2 Wash (in Pavement/Wash Complex) 

3 Pavement of Pavement/Wash Complex 

4 Gravelly Undissected Piedmont 

5 Gravelly Dissected Piedmont 

6 Sandy Kills (south of Vinegarroon Wash) 

7 Sandy Hills (northwest of Vinegarroon Wash)  6.9 

8 Sandy Hills  (northwest of Laguna Airfield)  3.0 

9 Linear Stabilized Dunes 

Mean Slope (°) Mean Relief (ft) 

9.7 18.4 

1.6 1.3 

1.1 0.9 

1.3 1.0 

10.3 14.1 

)     6.9 5.8 

Wash)  6.9 6.4 

ield)  3.0 6.4 

1.4 2.2 
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Figure 23  Cumulative percent frequency of slopes, Traverse 1 
(Gravelly Dissected Piedmont). 
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Figure 24  Cumulative percent frequency of slopes, Traverse 2 
(Wash in Pavement/Wash Complex). 
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Figure 25  Cumulative percent frequency of slopes, Traverse 3 
(Pavement of Pavement/Wash Complex). 
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Figure  26      Cumulative percent  frequency of slopes,  Traverse 4 
(Gravelly Undissected  Piedmont; 
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Figure 27  Cumulative percent frequency of slopes, Traverse 5 
(Gravelly Dissected Piedmont). 
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Figure 28  Cumulative percent frequency of slopes, Traverse 6 
(Sandy Hills soiith of Vinegarroon Wash), 
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Figure 29  Cumulative percent frequency of slopes, Traverse 7 
(Sandy Hills northwest of Vinegarroon Wash). 
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SLOPE IN DEGREES 

Figure 30  Cumulative percent frequency of slopes, Traverse 8 
(Sandy Hills northwest of Laguna Airfield). 
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Figure 31  Cumulative percent frequency of slopes, Traverse 9 
(Linear Stabilized Dunes). 
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Figure 32  Cumulative percent frequency of relief, Treverse 1 
(Gravelly Dissected Piedmont). 

28 



100- 

80- 

z 
UJ 
U 
£60 
a. 
ai 
> 

3  40 

20- 

Hr 
1C 

-i s 1 r~—r~ 
20 30 40 

RELIEF IN FEET 

"T" 
50 

-1 
60 

Figure 33  Cumulative parcent frequency of relief, Traverse 2 
(Wash in Pavement/Wash Cc nplex). 
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Figure 34  Cumulative percent frequency of relief. Traverse 3 
(Pavement of Pavement/Wash Complex). 
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Figure 35  Cumulative percent frequency of relief, Traverse 4 
(Gravelly Undissected Piedmont). 
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Figure 36  Cumulative percent frequency of relief, Traverae 5 
(Gravelly Dissected Piedmont). 
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Figure 37  Cumulative percent frequency of relief, Traverse 6 
(Sandy Hills south of Vinegarroon Wash). 
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Figure 38  Cumulative percent frequency of relief, Traverse 7 
(Sandy Hills northwest of Vinegarroon Wash). 
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Figure 39  Cumulative, percent frequency of relief, Traverse 8 
(Sandy Hills northwest of Laguna Airfield). 
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Figure 40  Cumulative percent frequency of relief, Traverse 9 
(Linear Stabilized Dunes). 
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Discussion and Recommendations 

The data of this report are. an initial contribution to the mobility 
description of deserts envisioned in the following over-all approach: 

1 . Field identification and mapping of distinctive 
surficial associations of materials. 

2. Field measurement of slope and relief within 
associations, 

3. Sampling of unconcolidated materials, and 
size and composition analyses, 

4. Empirical field tests relating slopes and 
material compositions to trafficability, by 
using some kind of "calibrated wheel". 

5. Evaluation of field measurements, sample data, 
ard empirical test data in combination as a 
statement of mobility suitability, and as a 
basis for comparison of world desert terrains. 

The first two steps of the approach are the subject of this re- 
port. We recommend that the last three steps be carried out in the 
Laguna quadrangle cf Yuma Proving Ground, as a capsule evaluation of 
the feasibility and usefulness of the approach. 

The Laguna quadrangle, however, does not include all the desert 
landforms in the Proving Ground. Other areas should be reconnoitered 
to identify additional landforms for mapping and measuring. 

The Proving Ground, in turn, does not include all the landforms 
of world deserts. Other deserts in the U. S. and overseas must even- 
tually be investigated. Slope and relief data collected for any area 
should be incorporated into the Waterways Experiment Station (Corps 
of Engineers) system for defining world desert terrain analogs, or 
into a successor system. 

Basic ground-truth data collection must be correlated concurrently 
with empirical evaluations of the effect of the topographic factors 
upon movement of a vehicle system.  The mention of a "calibrated wheel" 
introduces a concept which might be implemented by measurements of de- 
celeration caused by slopes and obstacles, wheel-to-ground torque 
values, travel time and distance.  Classifying terrain empirically for 
the engineer, tactician, or vehicle commander might be adequate for the 
military design or operation; classifying terrain as suggesteo by this 
study would then be used to estimate movement capability in inaccessible 
or denied areas. 
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APPENDIX 
FIELD MEASUREMENT DATA 

Traverse 1 Gravelly Dissected Piedmont 

(Segment lengths (ft) listed vertically) 

Slope in Degrees 

12  3  4  5  6  7 8  9 10 11 12 13 14 15 

20 115 130 57 21 98 23 34 60 100 116 105 32 100 102 120 
94 34 25 49 32 14 110 21 26 115 170 23 ?7 57 210 135 
18 19 38 40 85 31 25 36 35 170 39 74 47 85 120 14 
r.i 24 38 25 24 32 20 15 74 33 31 28 62 60 15 27 
li 18 23 32 26 24 85 23 41 50 75 89 29 72 95 96 
57 49 35 48 70 110 32 18 12 35 42 29 41 90 95 95 
31 2b 28 34 80 180 21 44 46 75 44 48 66 95 68 
19 3.1 26 28 29 53 54 24 44 23 25 46 15 85 
25 24 54 52 56 36 23 33 90 66 58 86 62 94 
31 18 38 33 44 59 43 19 23 76 44 100 64 70 
24 60 34 40 30 4^ 22 27 97 58 24 62 78 
12 26 25 32 54 34 31 52 70 62 41 19 
22 24 27 30 30 16 90 35 80 75 64 
80 37 19 93 84 23 47 36 36 56 20 
14 20 44 28 78 56 
12 39 62 40 27 J9 
33 66 41 78 
46 24 52 70 
25 28 46 
83 78 

48 
32 
30 

2C 
32 
42 

(continued) 

16 17 18 19 20 21 22 23 24 25 26 27 29 30 

150 19 15 16 17 17 19 11 14 12 15 29 15 13 
120 27 16 14 12 12 20 18 14 18 15 
35 21 18 15 15 17 15 10 16 12 10 
15 17 30 26 27 15 12 16 14 
11 62 10 34 
28 19 12 
15 10 
90 19 
41 
74 
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FIELD MEASUREMENT DATA 

Traverse 2 Wash in Pavement/Wash Complex 

(Segment lengths (fL) listed vertically) 

Slope in Degrees 

1/2 1-1/2 2-1/2 JbiZL 8 13  90 

37 30 54 
8 35 40 

23 55 34 
50 30 50 
55 20 50 
29 30 
40 30 
30 30 
~3 24 
25 40 
30 45 
35 31i 

15 43 
10 
30 

76 31 20 
23 40 
36 
26 

27  8 14 14 13 1 
2 
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FIELD MEASUREMENT DATA 

Traverse 3 Pavement in Pavement/Wash Complex 

(Segment lengths (ft) listed vertically) 

Slope in Degrees 

1/2  1  3  4  7  8  9  10  12 14  15  36  90 

3  8   2  13  10   7   4   1 
14 1 

1 
2 

46 95 70 22 16 14 
8 100 44 65 10 

16 6 
19 3 
51 5 
51 
49 
40 
68 
24 
40 
41 
12 
56 
65 
68 
10 
79 
10 
45 
6 

47 
16 

100 

40 



FIELD MEASUREMENT DATA 

Traverse 4 Gravelly Undissected Piedmont 

(Segment lengths (ft; listed vertically) 

Slope in Degrees 

1/2  1 1-1/2  2  3  6  7  8 12 

4  8 19  7 
7 

25 32 25 13 17 19 
4 28 25 30 20 10 
16 13 25 13 15 12 
17 14 20 24 15 20 
21 21 20 30 
10 9 24 16 
24 15 16 24 
29 14 16 
18 16 
11 22 
21 18 
40 22 

12 
13 
18 
16 
10 
45 

41 



FIELD MEASUREMENT DATA 

Traverse 5 Grawelly Dissected Piedmond 

(Segment lengths (ft) listed vertically) 

Slope in Degrees 

10  11  12 

18 69 33 
10 23 48 
20 12 
10 27 
7 40 

10 51 
24 
26 

28 12 
85 
36 
27 

23 56 37 30 110 54 18 
61 46 21 50 ?f> 33 
48 68 16 40 38 
15 22 

(continued) 

13  14  15 16 18 19  20  21  22  24  26 27 

69 18 51 18 18 12 30 10 28 28 22 8 
21 47 70 14 33 19 76 36 15 13 
32 39 11 39 

25 
25 
18 

35 

42 



FIELD MEASUREMENT DATA 

Traverse 6 Sandy Hills 

(Segment lengths (ft) listed vertically) 

Slope in Degrees 

0      1      2345789      10    11    12    13    14    15    16    17    18 

120 14 40 22 16 12 12 14 10 15 22 40 24 18 32 14 31  8 
12 11 24 19    16 37 41 15 52           17    48 18 
38 19 16   8 
45 31 10 19 
27 
18 
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FIELD MEASUREMENT DATA 

Traverse 7  ^andy Hills 

(Segment length*, (ft) listed vertically) 

Slope in Degrees 

10   1.1 

30 27 26 22 23 0 20 43 25 30 48   24 
8^ 10 21 46 25 10 21 20 24 26 15 
30 33 19 65 26 26 30 18 22 25 23 
33 64 28 25 34 81 28 24 21 19 
95 116 29 31 22 23 72 
10 17 20 39 15 24 
51 18 13 24 
42 45 

IS 
65 
50 
51 
34 
31 

(continued) 

12  13  14  15  16  17  18  19  20  21  22  23 

22  26  10  19 17 52 9 58 43 42 31 15 
19 51 28 22 30 15 22 23 
37 35 23 10 43 

60      33 
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FIELD MEASUREMENT DATA 

Traverse 8 Sandy Hills 

(Segment lengths (it) listed vertically) 

Slope in Degrees 

8 11  13 17 

108 105 100 100 74 
100 64 140 52 38 
54 96 52 32 54 
60 51 48 33 92 
71 52 47 2C 108 
72 64 68 

89 
60 
94 
96 

65 
74 

51  63  47  58  40  43  19  19 
60  58 

Traverse 9 Linear Stabilized Dunes 

80 124 52 4 7 72 
94 115 35 45 K2 

73 44 85 33 40 
93 61 46 20 
88 60 92 89 

110 66 76 
115 60 95 
139 99 
125 40 
120 
115 
127 
119 
92 
56 
56 

8  14 

32 34  46  35  28 
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FIELD MEASUREMENT DATA 

Percent Frequency of Slope, by Traverse 

(As percentage of total traverse lengths) 

Slope Traverse 
(e)   1    2 3 4 5    6     7     S     9 

0 5.9  27.4  05.2  22.1 3.2  25.9  12.2  16.0  48.3 
1/2 11.6  13.2  12.4 
1 3.3  31.6   7.7  33.8 11.6   2.5   9.3  12,7  20.2 
1 1/2 1 0 7 5 
2 4.5 5 7 14 3 3.4 6.8 3.0 15.6 14.5 
2 1/2 5 2 
3 5.3 7 9 5.9 5 7 4.1 9.2 22.4 7.1 
3 1/2 4 1 1.1 
4 2.6 1.2 1.6 5.8 17.4 4.7 
5 5.4 1 .8 6.8 2.8 14.2 3.8 1.0 
6 5.0 .6 4 1.0 4.0 4.2 1.0 
7 1.1 1 0 2.6 1 .4 7.7 4.9 2.6 1.6 1.4 
3 3.8 .2 1 .8 7.4 10.4 3.1 2.0 1.1 
9 6 4 .5 4.0 5.1 3.3 1.4 

10 9.9 .1 8.5 9.4 6.5 
11 4.7 5.0 2.2 .8 1.5 
12 7.3 1.8 .7 2.2 4.0 2.4 
13 7.6 .9 5.2 2.4 4.5 ,7 
14 6.6 .7 4.4 3.5 1.2 .8 
15 9.3 .5 6.1 3.2 5.3 
16 4.4 4.1 6.2 2.7 
17 1.5 4.9 4.3 _ ? 

18 .7 4.Ü .8 1.7 
19 .3 1.3 1.2 
20 .9 4.5 .7 
21 .6 3.4 .8 
22 .4 1.2 .3 
23 .4 .6 
24 .4 1.8 
25 .1 
26 .5 1.5 
27 .5 .3 
28 
29 .1 
30 .1 
36 .3 
90 .2 .3 
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